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APPARATUS 

[Claim] 

1 . A gaseous discharge reaction apparatus 
comprising : 

disposing a first electrode opposite to one side 
of a plate-like dielectric plate having a thickness of 
0.5 to 2 mm; 

placing a second electrode in intimate contact 
with the other side of the dielectric plate; 

providing projecting parts having a linear top 
part on the surface of said first electrode, the 
surface facing to said dielectric plate; 

setting a thickness of a linear portion of the 
top part of the projecting parts 0 . 5 mm or under; and 

setting a distance between the top part and said 
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dielectric plate 0.05 to 0.8 mm when assembled, 
wherein an alternate high voltage is applied between 
said first electrode and said second electrode to 
generate a discharge in a space between said first 
electrode and said dielectric plate and a source gas 
is passed through the space in a longitudinal 
direction of the projecting parts of said first 
electrode . 

[Detailed Description of the Device] 
[0001] 

[Field of Industrial Application] 

The present device relates to a gaseous 
discharge reaction apparatus comprising a dielectric 
and a pair of electrodes sandwiching the dielectric. 
[0002] 
[Prior Art] 

Conventionally, as this Icind of gaseous 
discharge reaction apparatus, a parallel electrode 
silent discharge system (hereafter, it is referred as 
a ^'parallel electrode type") is typical in which one 
electrode is brought into intimate contact with the 
backside of a plate-like dielectric or the inner 
surface of a pipe-like dielectric, a counter electrode 
is placed at a parallel position remote from the 
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surface of the dielectric by 1 mm to several mm, a 
silent discharge is generated in a gap of equal 
thickness between the dielectric surface and the 
counter electrode and a discharge reaction is create. 
[0003] 

Additionally, a creeping discharge system 
(hereafter, it is referred as a ''creeping discharge 
type") is also in practical use in which one electrode 
is brought into intimate contact with the backside of 
the dielectric or buried therein, a linear or belt- 
like counter electrode is placed in intimate contact 
with the surface of the dielectric and a discharge is 
generated on the dielectric surface. 
[0004] 

On the other hand, a system (hereafter, it is 
referred as a "projection contact type") is also 
proposed in which bank-like projections are provided 
on the surface of the counter electrode that is 
disposed on the dielectric surface side, the tip ends 
of the projections are placed so as to come into 
intimate contact with the surface of the dielectric 
and a tunnel-like space formed between a recessed part 
that is between the projections and the dielectric 
surface is adapted to be a passage for a source 
material and a reaction product as well as a discharge 



space (see, Japanese Patent Application No. 
286306/1986) . This system should be called a combined 
system of the parallel electrode type with the 
creeping discharge type as set forth; a discharge 
power density is substantially increased. Therefore, 
when it is used for generating an ozone, for example, 
an ozone concentration and an amount of the ozone 
generated per unit discharge area can be increased and 
a variety of effects will occur. 
[0005] 

[Problems that the Device is to Solve] 

However, the projection contact type of the 
combined system of the parallel electrode type with 
the creeping discharge type set forth had following 
problems . 

[0006] 

(1) A discharge density near the tip ends of the 
ban)c-like projections is extremely high and wear in 
the tip end parts thereof and the dielectric tends to 
occur . 

[0007] 

(2) It is difficult to assemble the tip ends of 
the bank-lilce projections and the dielectric surface 
so that the tip ends of the bank-like projections come 
into contact with the dielectric surface at least 
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during operation and a contact pressure is contained 
in a range that does not break the dielectric that is 
generally fragile. This is mainly because the 
electrodes and the dielectric become deformed due to ' a 
temperature rise in the electrodes and the dielectric 
during operation, a gas pressure or a cooling water 
pressure in the discharge reaction apparatus. 
[0008] 

(3) In ozone production using air as a source 
material, the generation of a Nox is increased while 
an ozone concentration is rather decreased. 
[0009] 

The device was devised in the light of the 
points described above and the purpose thereof is to 
provide a combined type gaseous discharge reaction 
apparatus eliminating or reducing the aforesaid 
problems (1) to (3) to be more improved. 
[0010] 

[Means for Solving the Problems] 

In order to solve the problems set forth, the 
device configured a gaseous discharge reaction 
apparatus as shown in Fig. 1, the apparatus 
comprising : 

disposing a first electrode 2 opposite to one 
side of a plate-lilce dielectric plate 1 having a 



- 5 - 



thickness of 0.5 to 2 mm; 

placing a second electrode 3 in intimate contact 
with the other side of the dielectric plate 1; 

providing projecting parts 4 having a linear top 
part on the surface of the first electrode 2, the 
surface facing to the dielectric plate In- 
setting a thickness t (Fig. 2) of a linear 
portion of the top part of the projecting parts 4 0.5 
mm or under; and 

setting a distance 5 between the top part and 
the dielectric plate 0.05 to 0.8 mm when assembled, 
wherein an alternate high voltage is applied between 
the first electrode 2 and the second electrode 3 to 
generate a discharge in a space between the first 
electrode 2 and the dielectric plate 3 and a source 
gas is passed through the space in the longitudinal 
direction of the projecting parts 4 of the first 
electrode 2 (the direction orthogonal to the paper 
surface in Fig. 1) . 
[0011] 
[Operation] 

By configuring the gaseous discharge reaction 
apparatus as set forth, the tip ends of the projecting 
part 4 are separated from the dielectric plate 1 by 
0.05 mm to 0.8 mm and thus the discharge density near 
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the tip ends of the projecting parts 4 is more relaxed 
than the aforesaid projection contact type where both 
the tip ends of the projecting part 4 and the 
dielectric plate 1 are in contact with each other. 
Therefore, wear in the tip end parts of the electrode 
and the dielectric plate facing thereto can be 
reduced. 
[0012] 

Additionally/ since an air current flows between 
the tip ends of the projecting parts 4 and the 
dielectric plate, a temperature rise is reduced and a 
part of the air current residing in a high density 
space for a long time is also decreased. These also 
contribute to a reduction in wear in the electrode and 
the dielectric plate and a reduction in a generated 
product long waited being decomposed. 
[0013] 

Meanwhile, the first electrode 2 is provided 
with the projecting parts 4 having an acute tip end 
and thus an electric charge is centered. The distance 
5 between the tip end of the projecting part 4 and the 
dielectric plate 1 is set small as 0.05 to 0.8 and 
therefore the minimum discharge starting voltage is as 
small as approximately 1 kv. Once a discharge begins, 
the discharge easily spreads to the area between the 
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projecting parts by a slight increase in a potential 
difference. Even a low applied voltage can increase a 
mean discharge density in the entire discharge area. 
[0014] 

A low HT^h^rgV:^ ,^^^r^l nq voltag e also 
contributes to the reduction in wear in the dielectric 
plate 1 or the tip ends of the projecting parts 4 of 
the first electrode 2 and is useful for a decrease in 
contaminating the generated product as well. 
Additionally, a high mean discharge density 
contributes to an increase in an amount generated per 
area of the discharge electrode or an increased 
concentration in ozone production, for example. 
Furthermore, allowing an applied voltage to be held 
low is advantageous in power source production and 
costs . 
[0015] 

Moreover, because the tip ends of the projecting 
parts 4 are not in contact with the dielectric plate 
1, an excessive pressure is not applied between the 
dielectric plate 1 and the tip ends of the. projecting 
parts due to a temperature variation in use or the 
pressure of a gas, a cooling water and the like. The 
risk of breaking the fragile dielectric plate 1 is 
also eliminated. 
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[0016] 

Therefore, the distance between the tip ends of 
the projecting parts 4 and the dielectric plate 1 
needs to be set so as not to contact each other in 
use. On one hand, in a small-sized discharge reaction 
apparatus, the accuracy of the height of the 
projecting part 4 and the thickness of the dielectric 
plate 1 can easily be set 1/100 to 2/100 mm and 2/100 
to 3/100 mm, respectively and thus setting the 
distance 5 at least 5/100 mm or greater is practical. 
On the other hand, when the distance 5 is set greater, 
both the discharge starting voltage and the maximum 
applied voltage need to set greater. When it exceeds 
0.8 mm, reaction properties become similar to the 
parallel electrode type. That is, the characteristic 
of the invention is faded. 
[0017] 

Additionally, by separating the tip ends of the 
projecting parts 4 from the dielectric plate, the 
generation of the Nox is suppressed in ozone 
production using air as a source material. This 
mechanism is not clear. However, it is considered 
that separating the tip ends of the projecting parts 4 
from the dielectric plate causes a ratio of the volume 
of a discharge space 5 to a wall area forming thereof 
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(the sum of the surface area on the discharge space 
side of the first electrode 2 and the dielectric 1) to 
become greater. 

[0018] 

Furthermore, the air current is made to cross 
between X-^e tip ends of the projecting parts 4 and the 
dielectric plate 1. That is, passing the air current 
in the direction orthogonal to the longitudinal 
direction of the projecting parts 4 is also considered 
but pressure losses of the air current become greater 
particularly when the distance 5 is small. Moreover, 
the drift of the air current due to the envelope of 
the tip ends of the projecting parts 4 not being 
parallel slightly to the surface of the dielectric 
plate 1 degrades discharge reaction performance 
remarkably. Therefore, the air current needs to be 
set parallel to the longitudinal direction of the 
projecting parts 4. 
[0019] 
[Example ] 

Hereafter, an example of the device will be 
described according to drawings. Fig. 1 depicts a 
cross-sectional view showing the structure of the 
gaseous discharge reaction apparatus of the device. 
In Fig. 1, 1 is a plate-lilce dielectric. A first 
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electrode 2 is disposed opposite to one side of the 
dielectric plate 1 and a second electrode 3 is placed 
in intimate contact with the other side of the 
dielectric plate 1. The above-mentioned dielectric 
plate 1 and the second electrode 3 are fit in the 
upper part of a water cooled case 6, The first 
electrode 2 set forth is disposed on the upper part of 
the wa ter cooled case 6 through a packing 8 . The 
first electrode 2 is fixed by a presser frame 9 so as 
to set a discharge distance 5 to a desired value. 
[0020] 

The dielectric plate 1 is a dielectric 
comprising 96 % of an aluminium oxide (AI2O3) material 
having a thickness of 0.65 mm. As shown in Fig. 2, 
the first electrode 2 has projecting parts 4 of 
angular cross section having a linear top part. The 
projecting part 4 has a height of 1.5 mm, a pitch of 3 
mm and a thickness t of the linear portion of the top 
part being set 0.05 mm. The first electrode 2 
comprises an aluminium material having a surface on 
the discharge space 5 side coated with an anodized 
film having a thickness of approximately 10 |jjn. 
[0021] 

The second electrode 3 is a metallized layer of 
an Ag-Pd system formed on the surface of the 
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dielectric plate 1 and having a thickness of 
approximately 10 |jjn. The distance 6 between the tip 
end of the projecting part 4 of the first electrode 2 
and the dielectric plate 1 is set 0.25 ± 0.05 mm. A 
cooling fin 2-1 is disposed on the opposite side of 
the projecting part of the first electrode 2. The 
water cooled case 6 is made of a synthesis resin. The 
inside thereof is partitioned by a plurality of ribs 
6-1^ (three ribs in the drawing) and formed with water 
' cooled jackets 7 . The backside of the aforesaid 
second electrode 3 is supported by the peripheral 
upper end of the case 6 and the ribs 6-1. 
[0022] 

The packing 8 is made of a methyl silicon, 
rubber, serving a sealing effect as well as a buffer. 
The presser frame 9 is also made of a synthetic resin. 
Additionally, in. Fig. 1, 10 is a ground side lead wire 
and 11 is a high-tension side lead wire. Furthermore, 
two nozzles, not shown, are disposed on the near side 
and the back side of the paper surface of the drawing, 
being adapted to be an inlet of the source gas to the 
discharge space 5 and an outlet of the product from 
the discharge space 5, respectively. Moreover, the 
source gas is set to flow in the direction parallel to 
the longitudinal direction of the projections of the 
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first electrode 2. 
[0023] 

In the gaseous discharge reaction apparatus 
configured as set forth, the following results were 
shown when performance was measured in the case that 
the apparatus was adapted to be an ozone generator in 
which an oxygen for industrial use or a dry air was 
supplied for the discharge space, a high frequency 
voltage of 6.5 kHz was applied between the lead wires 
10 and 11 and a discharge was generated in the 
discharge space 5 between the first electrode 2 and 
the dielectric plate 1. Additionally, in this case, 
the water cooled jackets 7 are supplied with water to 
cool the second electrode 3, 
[0024] 

The discharge starting voltage was 1.2 kV to 1.3 
kV and the discharge power density became 14 kW/m2 
when a voltage of 3.5 kV was applied, substantially 
higher than an orthodox commercialized gaseous 
discharge reaction apparatus. However, in endurance 
tests for several months including operation and 
shutdown, no damage was observed in both the tip ends 
of the projecting parts 4 of the second electrode 2 
and the dielectric plate 1. 
[0025] 
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Additionally, as ozone generating performance, 
the maximum ozone concentration is 180 mg/Nl (liter) 
or greater by an oxygen source, the amount generated 
is 2 kg/m^.h by the oxygen source and 0.96 kg/m^ . h by 
an air source, becoming substantially greater than the 
aforesaid parallel electrode type. That is, the 
example in which the tip ends of the projecting parts 
4 of the first electrode 2 are separated from the 
dielectric plate 1 attained results more superior than 
the creeping discharge type or the projection contact 
type as set forth. In the air source, when a 
discharge power of approximately 5 kWh/m^ or more is 
applied, the generation of the Nox is increased and 
the ozone, its concentration and the amount generated 
are rather decreased in the aforesaid projection 
contact type. However, in the example, the generation 
of the Nox was not observed noticeably up to 
approximately 8 kWh/m^ . Consequently, the maximum 
ozone concentration of 24 mg/Nl (liter) was obtained. 
[0026] 

Furthermore, in the gaseous discharge reaction 
apparatus configured as set forth, the thickness of 
the dielectric plate is suitably set 0 . 5 to 2 mm for 
reducing an applied voltage necessary to obtain 
strength, easiness for production, radiation 
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* 1 

characteristics capable of resisting the high density 
discharge and further a desired discharge density. 
Moreover, the cross-sectional geometry of the 
projecting parts 4 having a linear top part is not 
limited in particular as long as the thickness t of 
the tip end is pointed as possible as 0.5 mm or under. 
As shown in Figs. 2, 3 and 4, the cross section may be 
triangular or combination of circular arcs and further 
projections may be disposed continuously or may be 
arranged discontinuously sandwiching a portion 
parallel to the surface of the dielectric 1 
therebetween. However, the respective geometries and 
pitches of the projections 4 are desired to be 
uniform. 
[0027] 

Besides, the gaseous discharge reaction 
apparatus of the device may be adapted to be a tubular 
discharge reaction apparatus in which each of the 
dielectric plate, the first electrode having the 
projections with a linear top and the second electrode 
is formed in a cylindrical shape. 
[0028] 

[Effect of the Device] 

As described above, according to the gaseous 
discharge reaction apparatus of the device, a high 
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density discharge can be realized as the wear or 
breakage of the dielectric plate or electrodes due to 
a discharge is reduced or prevented. Thus, when it is 
used for generating the ozone, the amount of the ozone 
generated per discharge area and its concentration can 
be increased and excellent results can be obtained for 
making an ozone generator of small size, low costs and 
long lifetime. Besides, the generation of the Nox can 
be suppressed as well. 
[Brief Description of the Drawings] 

Fig. 1 depicts a cross-sectional view showing 
the structure of the gaseous discharge reaction 
apparatus of the device;. 

Fig. 2 depicts a perspective view showing one 
geometric example of the first electrode of the 
gaseous discharge reaction apparatus of the devices- 
Fig. 3 depicts a perspective view showing 
another geometric example of the first electrode of 
the gaseous discharge reaction apparatus of the 
device; and 

Fig. 4 depicts a perspective view showing - 
another geometric example of the first electrode of 
the gaseous discharge reaction apparatus of the 
device . 

[Description of the Reference and Signs] 



- 16 - 



dielectric plate 
first electrode 
second electrode 
projecting part 
discharge space 
water cooled case 
water cooled jacket 
packing 
presser frame 
lead wire 
lead wire 
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